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The TSE program was initiated in 1994 
when EPA’s National Center for 
Environmental Research (NCER) entered 
into a partnership with the National 
Science Foundation (NSF) to fund 
pollution prevention research. Over the 
next 10 years, EPA and NSF awarded 
over 57 million dollars in the form of 
grants for fundamental and applied 
research under the TSE program. 

The program has funded research that develops green chemistry, green engineering, and industrial 
ecology. The TSE program cultivated science and engineering that use energy and materials more 
efficiently, and it promoted the discovery and implementation of innovative and environmentally- 
preferable processes and materials that are functionally equivalent and cost-competitive. 

Pollution Prevention Supports Sustainability Sustainability cannot be achieved without innovations in 
pollution prevention — the reduction or elimination of pollutants at the source. The optimal way to 
prevent pollution is by eliminating the production of waste altogether. When this is not possible, 
reuse, recycling, and treatment are all better alternatives to direct disposal.

A new document summarizing the accomplishments of the TSE Program is now available: 
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2003:

●     New Technologies for the Environment and Technology for a Sustainable Environment 

2001: 

●     Technology for a Sustainable Environment 

1999: 

●     Technology for a Sustainable Environment 

1998: 

●     Technology for a Sustainable Environment 
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1997: 

●     Technology for a Sustainable Environment 

1996: 

●     Technology for a Sustainable Environment 

TSE grants were awarded competitively to fund high quality science that meets the research solicitation’s 
goals. The grant applications are evaluated through a rigorous merit review process. The selectivity of the 
grant program is high, with about 15 percent of the applicants receiving grants in the last two solicitations. 

Applicants are encouraged to seek project collaboration with industrial partners on fundamental research 
issues that link basic and applied aspects of pollution prevention. In some cases, state government agencies 
or other professional organizations may be an appropriate substitute for an industrial partner. 

One NSF research priority that has helped shape the TSE program is the focus on training and education of 
junior scientists and engineers in academia. Projects that provide both graduate and undergraduate students 
with experience in research, interdisciplinary educational activities, and student teamwork are strongly 
encouraged. 

The TSE program is not currently being funded by either agency. However, as the results of this ten-year 
partnership are evaluated further, a next generation TSE effort could be developed. 
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Solvents  

Many solvents used 
throughout the 
manufacturing 
industry are highly 
toxic and their 
inadvertent release 
into the environment 
can harm the health 
of wildlife and 
humans. Dr. 
DeSimone received a 
TSE grant to develop 
carbon dioxide - 
based solvents where 
detergent-like 
surfactants allow 
CO2 to dissolve 
substances that 
would not normally be 
soluble. 
The electroplating 
industry creates a 
very large volume of 
chemical waste each 
year. While waste 
minimization 
techniques have 
been available for 
some time, they have 
not been well 
characterized in 
terms of cost and 
efficiency. At Wayne 
State University, Dr. 
Yinlun Huang is using 
artificial intelligence 
techniques to develop 
an intelligent decision 
support system that 
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Process  can suggest 
techniques for waste 
minimization in 
electroplating plants 
of any size. This TSE-
funded research has 
developed four 
pollution prevention 
technologies that 
reduce chemical 
solvent use and 
wastewater by 15 
percent. Dr. Huang 
also found that the 
electroplating industry 
and local 
governments were 
supportive and 
receptive to these 
technologies. 
There is a growing 
need to reduce 
dependency on fossil 
fuels with renewable 
resources, which help 
diversify the energy 
portfolio to ensure a 
constant energy 
supply even during 
times of crisis. Dr. 
Nancy Ho at Purdue 
University received a 
TSE grant to further 
develop a yeast-
based ethanol 
synthesis process. 
Dr. Ho has 
genetically 
engineered or 



Bioengineering  “bioengineered” yeast 
to more efficiently 
convert plant material 
into ethanol, an 
environmentally 
friendly alternative 
transport fuel that can 
be used directly or 
blended with 
gasoline. The use of 
ethanol has the 
further advantage of 
reducing dependency 
on foreign sources of 
oil, thus protecting 
the nation’s energy 
security and reducing 
the trade deficit 
caused by importing 
oil. 

Chemical 
Improvements  

The pulp and paper 
industry uses organic 
solvents to remove 
lignin, the color-
causing substance in 
wood, from paper. 
The use of these 
solvents can result in 
the production of 
toxic dioxins. Dr. 
Robin Rogers of the 
University of 
Alabama-Tuscaloosa 
received a TSE grant 
to develop an 
environmentally 
benign water-based 
system for the 
removal of lignin. Dr. 



Rogers’ new process 
more efficiently 
removes color from 
pulp without the use 
of organic solvents, 
thus eliminating the 
production of dioxins 
and reducing the 
sulfur content of 
paper, making both 
the process and the 
product more 
environmentally 
friendly. 

Green Design and 
Industrial Ecology  

Green design and 
industrial ecology aim 
to manage the 
environmental impact 
of an industry using a 
systems approach, in 
which the acquisition, 
use, and disposal of 
water, energy, and 
materials and the 
relationships among 
them are 
documented, 
evaluated, and 
optimized. Dr. David 
Dornfeld at the 
University of 
California-Berkeley 
received a TSE grant 
to develop a 
comprehensive tool 
to assess the 
environmental 
impacts of 
semiconductor 



manufacturing. The 
aim of Dr. Dornfeld’s 
research is to find 
new ways to mitigate 
negative impacts, and 
to inform 
environmental 
decision making with 
information about 
environment and 
health impacts 
resulting from 
different industry 
practices. 

Catalysis  

Catalysis refers to 
chemical processes 
that use catalysts to 
transform chemicals 
into other useful 
products or 
intermediates. 
Catalysts facilitate the 
reactions, but are not 
consumed by them. 
Research to improve 
the selectivity and 
efficiency of catalysts 
is important to 
pollution prevention 
because certain 
traditional catalysts 
produce toxic 
byproducts. The 
research of Dr. Terry 
Collins, summarized 
on pages 12-14, 
demonstrates how 
alternative catalysts 
can be developed to 



increase efficiency 
and decrease 
environmental 
impacts of 
manufacturing 
processes. 

Renewable 
Resources  

The use of renewable 
resources promotes a 
sustainable 
production system. 
New technologies 
that rely on waste 
products as a source 
of raw material help 
reduce impacts on 
the environment. Dr. 
Richard Wool’s TSE-
sponsored research 
on high performance 
composites made 
from chicken feathers 
and recycled 
newspapers is 
summarized on 
pages 9-10. 
The burning of fossil 
fuels produces 
noxious gasses such 
as sulfur oxides, 
which contribute to 
acid rain. 
Conventional sulfur-
removal technology is 
not able to easily 
reduce fuel sulfur 
levels to EPA 
standards. Dr. 
Chunshan Song and 
colleagues at 



Fuels and Energy  Pennsylvania State 
University received a 
TSE grant to develop 
a new process that 
will efficiently remove 
the sulfur. The 
process under 
development is able 
to more selectively 
remove sulfur 
compounds under 
ambient temperatures 
and pressures, thus 
reducing the cost and 
energy of sulfur 
removal. 

All TSE Recipients 

TSE funded projects address technological issues of 
design, synthesis, processing, and the production, use, 
and ultimate disposal of products. The table below 
provides an overview of the major areas of research 
funded by TSE grants, with examples of specific grants. 

TSE-supported projects tend to be characterized as “on 
the cutting edge” or “high-risk/high-payoff.” With its 
broader science-societal perspective, the TSE program 
has supported innovative, problem-solving research that 
historically has not been funded under other programs.

Return to the top 
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●     Reduced use of water, 
especially in manufacturing 
processes 

●     Reduced use of energy in 
manufacturing processes, 
businesses, and homes 

●     Reduced use, generation, 
and release of hazardous 
chemicals 

●     Reduced release of 
greenhouse gas emissions 
and pollutants to the air 

●     Reduced release of pollutants 
to water 

●     Reduced generation of waste 
though pollution prevention 
strategies 

Economic Benefits
●     Cost savings derived from 

decreased energy and other 
resource consumption 

●     Cost savings associated with 
reducing hazardous materials 
procurement, handling, 
transportation, disposal, and 
compliance concerns 

●     Cost savings from reduced 
liability 

●     Competitive advantages from 
improved product/process 
performance, improved 
efficiency, and consumer 
preferences 

●     New businesses and new 
jobs 

●     Lucrative products created 
from renewable resources 
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produced in the United States

Societal Benefits
●     Reduction in public health 

risks from chemical 
emissions, releases, and 
accidents 

●     Minimization of hazardous 
materials that require 
transportation and security 
efforts 

●     Safer working environments 
for industrial employees 

●     Education and inspiration of 
new generations of scientists 
and business leaders who are 
highly educated and are 
trained to find sustainable 
solutions 

●     Decreased frequency of 
litigation and associated 
societal costs

All TSE Results 

TSE program goals have been focused on improving 
three interconnected areas: the environment, the 
economy, and society. Often the technologies developed 
through TSE-supported research provide better overall 
performance at lower costs. In addition to protecting the 
environment, they require researchers to consider a 
different set of design constraints, thus stimulating 
innovation that would not have happened otherwise.
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